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ABSTRACT 



A model of a representative defense contractor is 
formulated. The model is formulated in segments which 
correspond to the markets in which the defense contractor 
operates. The supply of input segment describes the input 
variables in the model . The manufacturing segment charac- 
terizes the defense contractors inventory and production 
process. The demand for output segment describes the output 
and contractual relationships of the buyer and the seller. 
The financial segment relates the balance sheet and the 
income statement to the structure of the firm. A discussion 
of decision rules for the behavior of the defense contractor 
operating at equilibrium is conducted. 
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I . INTRODUCTION 



A. BACKGROUND 

1 . Need for the Model 

In the last five years all the levels of government, 
from the Congress through the Armed Sercives, have taken 
interest in the procurement process and its problems. This 
interest is expressed in reports of activities such as "The 
Commission on Government Procurement" (GOGP) sponsored by 
the Congress [5], "The Industry Advisory Council (IAC) 
Subcommittee: To Consider Defense Industry Contract 

Financing," sponsored by the Secretary of Defense [12], and 
"The Materiel Acquisition Review Committees," sponsored by 
each service. In particular the Army Materiel Acquisition 
Review was of interest. Each of these committee reports 
looks at the procurement process from a different point of 
view and level within government. Each report at its own 
level seeks to analyze the procurement process. All of these 
reports and analyses finally boil down to considerations 
between the buyer (the government) and the seller (the 
Defense Contractor) . 

The government motivations and procurement views have 
received much attention in these reports. Many new procure- 
ment policies and procedures are being formulated for imple- 
mentation in the procurement areas. As these new policies 
are implemented, questions like the following are being asked 
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"What factors in the general economy will these new procedures 
effect?" "How will the defense contractors and subcontractors 
have to adjust their operations to comply with these new 
policies?" Few answers if any are available to these 
questions. In the financial area, for example, the IAC 
Subcommittee Report says, 

. . . the only tool available to measure the effects 
of change in financing parameters is the Air Force 
Financing Model. It would not be feasible to use 
that model for evaluating different financing packages 
for the myriad contracts negotiated every year.l 

The model developed in this thesis is an effort in 
basic research. The modeling effort is directed towards 
developing a tool with which the government can analyze the 
effects of its procurement policies on the defense industry 
and, in turn, the whole economy. 

2 . Literature Review 

The modeling effort in the current literature combines 
techniques in four areas: mathematical modeling, utility 

theory, expected value theory, and maximization theory. A 
common technique is used in applying the maximization theory, 
expected value theory and utility theory. The mathematical 
model is used to establish a measure of success by which the 
firm can guide its decisions. Profit, net income, or a firm's 
wealth are candidate measures of success. Utility theory is 
used to describe the decision makers preferences for a range 



■^Industry Advisory Council Subcommittee, To Consider 
Defense Industry Contract Financing, p. 20, June 1971. 
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of values for the measure of success. Expected value theory 
permits the introduction of uncertain outcomes of the measure 
of success. Maximization theory permits the characterization 
of optimal choices, given the measure of success, the decision 
makers preferences and a distribution of uncertain outcomes. • 

For further discussion of optimization under uncer- 
tainty see References 2, 13, 18, and 19. 

The mathematical formulation of the measures of success 
of Baron, Leland, Sandmo and Vickers are discussed in the 
following paragraph. 

Baron [2] takes total wealth as his measure of success 
which is to be optimized under the conditions of risk and 
uncertainty discussed above. Baron also formulates an 
incentive type profit function for his model. This incentive 
profit function is utilized in this thesis. 

Leland [13] chooses profit as the measure of success 
for his mathematical model. He calculates profit simply as 
revenue minus cost. The thrust of his work is toward analyzing 
the effects of risk aversion on the firm. 

Sandmo [18] chooses a similar model to Leland. Fixed 
and variable costs are modeled separately to determine the 
effects each has on the analysis. Sandmo, like Leland, 
analyzes his model to determine the effects of risk aversion 
on the firm. Leland and Sandmo, though working independently, 
produce theoretical contributions in the same areas. For 
those interested in further research on risk and uncertainty 
refer to Cummings [6] . 
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Vickers [19] establishes net income as the measure 
of success in his model of the firm. He develops a complicated 
model which considers revenue, fixed and variable costs, the 
firm's wealth and input and output factors. Vicker's model 
is unique in that his formulation integrates input factors, 
output factors and financial considerations. 

The model in this thesis adapts the general modeling 
techniques described above to the defense contractor. The 
defense contractor model advances the current modeling efforts 
through modeling inter-market effects for output market and 
the financial market on the decision process of the firm. 

In Chapter I, Section B, of this paper, the general 
characterization of the defense contractor model is presented. 
Chapter II gives a detailed analysis of the model characteris- 
tics, the supply of input market, the manufacturing process, 
the demand for output market, and the financial market. An 
analysis of decision rules at the optimum is presented in 
Chapter III. A summary and areas for future research are 
presented in Chapter IV. 

B. CHARACTERIZATION OF THE MODEL 

The model presented in this thesis is designed to 
characterize the interactions of a defense contractor's 
management, which deals with the functions of manufacturing, 
finance, supply of input and demand for output. Figure I 
schematically depicts the fact that the four functional area 
of input or supply, output or demand, finance and manufacturing 
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FIGURE 1. Defense Contractor 



interact with each other in a tangible, definable manner. 
Figure 1 further portrays the role of management. The 

4 

functional area of management is incorporated into the 
manufacturing and financing relationships directly. The 
decision aspects of management are embodied in the model as 
the decision variables whose optimal choice characterize the 
defense contractor from period to period. 
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The supply segment of the model is viewed in the context 
of pure and perfect competition scenario. Raw materials, 
labor and capital are available at predetermined prices 
exogenous to the contractor. 

Manufacturing is represented as a two-part process, 
inventory and production. This view of manufacturing allows 
an uncluttered view of the interaction of manufacturing with 
the supply of outputs, the demand for inputs and the financial 
aspects. Yet, it is presented with enough complexity so as 
not to render the process trivial. 

The demand for output by the government and by the public 
sector is approached from the view of a contract document. 
Government contracts can be of a negotiated type between the 
government and the contractor, or a bid award type where the 
low responsible bidder is awarded the contract. This inter- 
action is conducted over a range of buyer-seller relationships, 
such as imperfectly competitive, monopsonistic or bilateral 
monopoly . 

The defense contractor's activities in the commercial 
demand market are considered strictly on a price and quantity 
basis. When a defense contractor receives a commercial 
contract, this model considers only the quantity to be 
produced and the unit selling price for that contract. 

The finance segment considers interactions between manu- 
facturing, supply of input, demand for output, and the. 
financial market. Internally to the firm, alternative 
inventory and production possibilities are traded off against 
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the firm's financial structure. Externally to the firm, 
the government, through its contracting policies and the 
financial market, establishes financial boundaries, influences 
interest rates, and the value of owners equity, through market 
interactions. With these constraints established, the defense 
contractor adjusts his financial position to accomplish his 
production goals. 
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II. EXPOSITION OF THE MODEL 



A. MODEL CHARACTERISTICS 

Some preliminary remarks concerning the treatment of 
time as a discrete variable and the nature of the model 
notation will facilitate understanding the formulation of 
the model. 

Time 

Time is a discrete variable in this model . A discrete 
formulation is appropriate since phenomena associated with 
the model occur in discrete time increments. Contracts and 
a firm's accounting periods are examples of discrete time 
phenomena . 

Notation 

It is observed that variables can be placed into collective 
classes. For example, the class of raw materials for produc- 
tion is represented by the variable M. The collective unit 
price for raw materials is written P . This notation allows 
a representative firm in a general industry to be modeled. 

Upon application of this model to a representative firm 
in a specific industry, the class variables must be replaced 
by detailed accounting data. 

Symbols 

A table of symbols is included on page 7 . To avoid 
ambiguity each variable class is represented by only one 
variable symbol throughout this thesis. 
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Exogenous Terms 



All symbols appearing in this thesis with a bar (~~ ) over 
it, e.g., a, are considered to be specified outside the 
model . 

Endogenous Terms 

All symbols appearing without a bar are considered to 
have been derived or calculated from variables internal to 
the model. Endogenous terms represent decision variables or 
are calculated terms resultant from other management decisions. 

Variable Interpretation 

A standard notation is used for all variable descriptions, 

e.g.. 



Disposition -»•. W^i 4 - contract type and number 

t «- time period 

fprinciple variable 

In the example the notation should be read as "the amount of 
raw material, M, withdrawn from inventory (W) used in a 
private contract, i, during a time period, t. A principle 
variable may be used with or without modifying descriptors. 

Price Interpretation 

All prices contain the principle symbol P and are modified 
by appropriate descriptors, e.g., 

pS •*- commodity 
t 4 - time period 



19 



In the example the notation should be read as "the price, P, 
of subcontracted parts, s, in period, t. Prices always 
appear with two modifying descriptors, one designating the 
time period and the other the commodity for which the price 
applies . 

Each segment of the model, supply of input, manufacturing, 
demand for output and financing is explained in turn in the 
following sections. 

B. SUPPLY OF INPUT 

The supply of input assumes a set of pure and perfect 
markets. This means that the quantity of input purchased 
will not affect the market price of that input. The following 
supply of input variables are considered: capital, K, labor, 

L, raw materials, M, and subcontracted parts, S. The later, 
subcon tracted parts (S) , is differentiated from other raw 
materials to point out the effect government contracts have 
on subcontractors who work with primary government contractors. 
The price of subcontracted parts is determined through the 
interaction of the primary contractor and subcontractor . 

Capital 

The term capital as used in this thesis refers to plant 
and equipment. The plant consists of buildings and land used 
by the contractor. Equipment is composed of tools, trucks, 
machines and the like. The class variable K which represents 
capital does not differentiate between plant and equipment. 
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Capital is treated as a homogeneous variable. The equations 
discribing capital are written as follows: 

(1) K t = K t _ 1 + K t - 7K t 

(2) K t - \ + S K t + H K t 

Equation 1 should be read as ".the capital available to the 
contractor in time period t is equal to the capital available 
in the previous period (t-1) , plus the amount of capital 
purchased during period t, minus the physical depreciation 
of contractor capital during period t." Equation 2 accounts 
for the utilization of the available capital during period t. 
Equation 2 should be read as "the capital available in period 
t is equal to the sum of the capital devoted to raw material 
inventory, plus that devoted to the subcontracted parts 
inventory, plus that devoted to production. 

Labor 

Labor is a service purchased from period to period. Labor 
is also considered to be homogeneous throughout this thesis. 
The equation accounting for the cases of labor of the 
contractor follows: 

(3) L t = \ + S L t + \ 



21 



Equation 3 should be read as "the total labor in time period 
t is equal to the labor devoted to raw material in period t 
plus the labor devoted to subcontracted parts in period t, 
plus the labor devoted to production in period t." 

Raw Materials and Subcontracted Parts 

The supply of input equations for raw materials and 
subcontracted parts are identical in form. 
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Equation 4 can be read as "the quantity of raw materials 
available to the contractor in the time period t is equal to 
the quantity of material available at the beginning of the 
previous period t,, plus the material added to inventory in 
period t, minus the amount of material withdrawn from the 
inventory in period t." Equation 5 for subcontracted parts 
is read the same as equation 4 for raw materials. By replacing 
the word materials in equation 4 with the words subcontracted 
parts, equation 5’s meaning can be interpreted. 

Government Furnished Equipment (GFE) 

GFE is considered as a special supply of input available 
for use only in government contracts. As with capital, GFE 
normally is composed of special items of material, plant and 
equipment. In this thesis GFE is considered a homogeneous 
variable. When GFE is utilized in a contract, the contractor 
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